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Takao Kameda , Hideaki Motoyama , Shuji Fujita and Shuhei Takahashi
;
: This paper describes observational results of surface mass balance (SMB)
at Dome Fuji ( S, E; m a.s.l.), East Antarctica from to
. The SMB was estimated using bamboo stakes (grid of , placed at m
intervals). The heights of the stake tops from the snow surface were measured at .
cm resolution twice monthly in , , , and , and once a year for the rest
of the study period. The annual SMB from to at Dome Fuji was . .
kgm a . This result agrees well with the annual SMB from AD to ( .
kgm a ), estimated from volcanic signals in the Dome Fuji ice core. From to
, there were incidences of negative or zero annual SMB, which was . .
Compared with similar studies at Vostok, South Pole and Dome C, we found that a site
with SMB over kgm a is expected to have annual snow accumulation at the
conﬁdence level. Sites from to m above sea level ﬁt the criteria on the
Antarctic ice sheet. According to stake and snow pit observations at Vostok, we
estimated that the probability of an annual layer missing ( ) at Dome Fuji under
present-day and glacial conditions are . and . , respectively. Variations of
SMB measured by -stakes for years were also analyzed.
: m m
m
. . kgm a
. kgm a
.
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m
Takahashi and Kameda
Fig. . Position and array of the -stake farm at Dome Fuji.
Fig. . Measurements of the -stake farm (October , , taken by Dr. I. Obinata)
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Fig. . Time series of the surface mass balance at Dome Fuji. The standard deviation for the
stakes and standard errors (standard deviation of the mean) are indicated by large and
small error bars, respectively.
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Fig. . The annual surface mass balance (SMB) using multi-year averages from January , with
standard deviation (SD, large error bars) and standard error (SE, small error bars). The
ﬁrst data point is the surface mass balance with SD and SE error bars for January to
January (i.e. over year). The second data point shows the results from January
to January (i.e. over years) and so on. (b) The SD and (c) the SE plotted against
the total number of observation years.
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Fig. . Relation between annual surface mass balance (SMB) and frequency of negative or zero
SMB at Dome Fuji (DF), Dome C (DC), South Pole (SP) and Vostok (VK). Dotted lines
indicate the conﬁdence interval for each dataset.
et al et al et al
et al
et al
, +
, +
3/
*
+
+
-
/
+332 +33/
+32, +32, .
, .-,
,012 ,+0 ,/- 3/
+3*
3/
,*** +3* +/** ,/**
+332
+, 1
+ +
/
3/
/
b
 





 
 
 
 
 
 
 	
  
 
 

  
    

 

  
 
  
 
 
  


 
 

 
  
 
 
 


   
   
   
   ! "#$ !%&'&()*+,-./(
)01+	
2 3(* 45 	
! "678 
!9()*#:4;
< =	
! >  # ? @A *
BCDE./( F GHIJ K% +
LM* =	
! 8 !  N  #O)()*#BC!
%( )E*P
QR! "67STU3(*VC3(* =	
! "67
8  *BC!%(
W45 WX!	
YZ- [\]* 
 ?\]45 ^ N >  + *_S;
)` 	
a" 45BCDEb 45 X! >`
*c/`!9; X 	
 [+
Nde-fg! eChi >` jk l+mn# No3(*j
k l# pq&()*#:4; X 	
!  N  #
8 !O);./()*#:4; )hi*rst u  !
P &dehi* v3()*wx  yz {!  N  
>  TU**S|}- p~u!  N  
#  1!O)5  >  #=!%()*#:4; {
wx&(# uw  3( X rs
t!dehi+-. @A =	
 ! "678
+EE *_S;
& !G- 45 X!  
\]+ /. >   ? W >  * 1 k*
 W > *W >   1 k* - N  N
 O)(# N')*&/ &S -  9( -.
-/
 	
 ¡ =	
 ¢q 0 de£¤¥
¦ ¤¥§ ¨© ª« . ¬DE ­®DE ¡<=	
de ¯
° ± ² ³ ´µ ¶§ ¡ =	
de ¯ °
·¸ ¹ ³ µ ¶§ º'»¼-X3 X @![eC½:;
 X * 
  
  
	    

     
 
    
  


   
    
   
 
  
    

 
         
     
   

  

   
	          
           
     
   
 !
 " # !  
$ # !
 


157
.
kgm a
Watanabe ., . kgm a
.
.
. . kgm a
.
kgm a , Watanabe .,
. C
kgm a
kg m a m
. .
Kameda .
:
et al
et al
et al
, +
, +
, +
, +
, +
, +
+33/ ,**0
+33/ ,**0
+* .
+2 1*
,**- / * */,
3 .
++ .
+33/ + ,**1 + -0
+, ,1 - + /
+,0* +33- ,0 .
+331 + +
1- +*
+*
2 0
+3*
3/
+3* +/** ,/**
3 . ++ .
,**2 +33/ ,**0
,
-
.










 
      
	 
  
  !	 "# $% &' &'()*+
     
      
      
   
  
 
& ,- . / 0 12 345	 0 12 0 12 678 0 1
2 9: ;<=> 0 12 ?@AB 0 12 CDE 0 12 
FG HIJ 0 12 &KLM 0 12 NOPQ 0 12 RS 0
12 T6UVW 0 12 XYZ[\]^_`a bcXde
fghijklf 345	Z mnopqrstuvw 
xyz{|}~a
u _]^_`a
 












  




158
Azuma, N., Kameda, T., Nakayama, Y., Tanaka, Y., Yoshimi, H., Furukawa, T. and Ageta, Y. ( ):
Glaciological data collected by the th Japanese Antarctic Research Expedition during .
JARE Data Rep., (Glaciology ), p.
Bamber, J.L. and Payne, A.J. ( ): The Mass Balance of the Cryosphere: Observations and Modeling of
Contemporary and Future Changes. Cambridge, Cambridge University Press, p.
Ekaykin, A.A., Lipenkov, V.Ya. and Barokov, N.I. ( ): Temporal-spatial structure of snow accumulation
ﬁeld at the vicinity of Vostok Station, central Antarctica. Vestnik St. Petersb. Univ., Ser. , Geologiia,
Geographiia, , (In Russian with English summary).
Giovinetto, M.B. and Zwally, H.J. ( ): Spatial distribution of net surface accumulation on the Antarctic
ice sheet. Ann. Glaciol., , .
Kameda, T., Azuma, N., Furukawa, T., Ageta, Y. and Takahashi, S. ( ): Surface mass balance,
sublimation and snow temperatures at Dome Fuji Station, Antarctica, in . Proc. NIPR Symp. Polar
Meteorol. Glaciol., , .
Kameda, T., Fujita, K., Sugita, O. and Hashida, G. ( ): Glaciological data collected by the th Japanese
Antarctic Research Expedition during . JARE Data Rep., (Glaciology ), p.
Kameda, T., Motoyama, H., Fujita, S. and Takahashi, S. ( ): Temporal and spatial variability of surface
mass balance at Dome Fuji, East Antarctica, by the stake method from to . J. Glaciol., ,
.
Mosley-Thompson, E., Thompson, L.G., Paskievitch, J.F., Pourchet, M., Gow, A.J., Davis, M.E. and
Kleinman, J. ( ): Recent increase in South Pole snow accumulation. Ann. Glaciol., , .
Palais, J.M., Whillans, I.M. and Bull, C. ( ): Snow stratigraphic studies at Dome C, East Antarctica: an
investigation of depositional and diagenetic processes. Ann. Glaciol., , .
Petit, J.R., Jouzel, J., Pourchet, M. and Merlivat, L. ( ): A detailed study of snow accumulation and
stable isotope content in Dome C (Antarctica). J. Geophys. Res., (C ), .
Takahashi, S. and Kameda, T. ( ): Snow density for measuring surface mass balance using the stake
method. J. Glaciol., , .
Takahahshi, S. and Watanabe, O. ( ): Snow accumulation (surface mass balance). Antarctica: East Queen
Maud Land, Enderby Land, Glaciological Folio, Tokyo, Natl Inst. Polar Res., - .
Taylor, J.R. : p.
Watanabe, O., Fujii, Y., Motoyama, H., Furukawa, T., Shoji, H., Enomoto, H., Kameda, T., Narita, H.,
Naruse, R., Hondoh, T., Fujita, S., Mae, S., Azuma, N., Kobayashi, S., Nakawo, M. and Ageta, Y.
( ): A preliminary study of ice core chronology at Dome Fuji Station, Antarctica. Proc. NIPR Symp.
Polar Meteorol. Glaciol., , .
Watanabe, O., Shoji, H., Satow, K., Motoyama, H., Fujii, Y., Narita, H. and Aoki, S. ( ): Dating of the
Dome Fuji, Antarctic deep ice core. Mem. Natl Inst. Polar Res., Spec. Issue, , .
Chung Ji Woong
( )
+331
-0 +33/ +330
,0 2-
,**.
0..
+332
1
-2 /*
,***
+1+ +12
+331
+33/
,. -.
,**1 ..
,**- ,**. -, 3,
,**2
+33/ ,**0 +*1
++0
+33/ +-+ +-2
+32,
,-3 ,.,
+32,
0 .-*+ .-*2
,**1
011 02*
,**+
- +
,*** -,2
+331
3 +-
,**-
,/ -1
-0 -0 .* -1
-3 .+ .-
.. ./ .0
.1 .2
,,-
+332 .
-+
++
,32
/.
,+
-
21
/-
++
/1
